The effective potential of massless standard model (SM) is calculated up to three- GeV at µ ≈ 20 × 10 3 GeV.
I Introduction
The currently accepted standard model of elementary particles and their interactions is based on Higgs mechanism of spontaneous symmetry breaking of the local electroweak gauge symmetry that leaves the renormalizability of the model intact [1] . In this mechanism masses of the quarks, the charged leptons, the weak gauge bosons and the neutral scalar Higgs of the model are generated from the asymmetry of the vacuum.
A convenient tool to investigate the nature of the vacuum structure of a renormalizable quantum field theory and stability of the theory with spontaneous symmetry breaking at zero and finite temperature is the effective potential, which contains all quantum radiative corrections to the tree classical potential. The formalism of the effective potential as an essential tool for the investigation of the spontaneous symmetry breaking was first considered by Goldstone and et al [2] and JonaLasinio [3] , (for review of early works see for example ref. [4] ). The physical interpretation of the effective potential as a means to explore the vacuum structure of a quantum field theory has been elaborated by Symanzik [5] , (for review see for example ref. [6] and ref. [7] ). The vacuum structure of a quantum field theory involves several quantitative calculable quantities such as symmetry and asymmetry of the vacuum, stability and instability of the vacuum, symmetry breaking patterns, restoration of symmetry, induced asymmetry and vacuum energy.
The effective potential at higher order is used to investigate the vacuum structure of spontaneous symmetry breaking through Coleman-Weinberg mechanism [8] for massless standard model (SM).
Starting with a theory massless in the tree-level approximation is an attractive idea where it avoids the problems associated with the negative mass square term.
The standard model contains some of free parameters, one of these parameters is the mass of the Higgs boson, as a tree level Higgs scalar coupling λ so the mass of the Higgs boson has a priori no constraints from SM theory, and its determination self-consistently poses a challenging problem.
In the present work, an attempt is made to determine the Higgs boson mass self-consistently from the renormalization group equations and the effective potential of the model. Investigation the stability of the vacuum leads to determine the Higgs boson mass from the effective potential for each order by using the renormalization condition. This paper is organized as follows, in Sec. II, we apply the renormalization group equation method with use corresponding renormalization group functions to calculate the effective potential up to three-loop order for the massless SM. In Sec.
III, we drive a relation that allows to calculate the Higgs boson mass and we discuss the results and investigate the stability of the vacuum structure under radiative quantum corrections up to three-loop order in different mass scale. In addition, we compare our result with some results of other authors employing different approaches. In sec. IV, we present our conclusion.
II Calculations of the Effective Potential from the Renormalization Group Equation
In the mass-independent 'tHooft-Weinberg scheme [9] the full effective potential V (ϕ) satisfies renormalization group equation RGE. Thus, in general the RGE for V (ϕ):
where
Here β λ ,β m 2 ,β g and γ are the renormalization group functions for scalar, mass and gauge couplings, respectively and γ is the anomalous dimension, which usually calculated perturbatively. Let us now rewrite the RGE as a short form by defining the parameters of the theory, λ p ≡ (λ, m 2 , g) to get:
Where δ p equals m 2 for mass coupling and 1 otherwise. Also g represents all the gauge couplings g 1 ,g 2 ,and g 3 of U(1), SU(2) and SU(3) respectively, in addition to the top quark coupling g t . The renormalization group function RGF β p , which called the beta function is given by:
with t = ln
In the loop expansion, the effective potential has the expression [8] :
Likewise, the renormalization group functions have the expansion: 6) where the χ (n) is the n-loop contribution to χ. Then following the ref. [10] , we can write the following n-loop ofh n -order as:
is the differential operator. Hence, one can find the n-loop contribution to the effective potential by using the recursion formula eq.(2.7) in terms of RGFs and the tree level potential.
The tree level (zero-loop) effective potential for massless SM is:
one obtains:
Now, applying eq.(2.7) to eq.(2.9) using eqs.(2.6) and (2.8) one gets for one-loop contribution to the effective potential:
Integration of eq.(2.10) yields:
12)
The two-loop contribution to the effective potential:
14)
(1)
15)
(2.16)
For the three-loop contribution to the effective potential, one gets:
with
(2.21)
It is worth noting that integrating renormalization group equation for the effective potential in the RGE method a constant C that depending on ϕ, m, λ, g and µ 0 as it is clear in eqs.(2.12), (2.13) and (2.17) should be fixed. In general, to determine this constant one needs to specify renormalization conditions on the effective potential. There are several renormalization conditions.
For example,
Here the constants C 1 , C 2 and C 3 are determined by using the condition:
Therefore, the full effective potential approximated to one-loop, two-loop and three-loop respectively becomes:
(2.27)
Now by using renormalization group functions in the standard model one can obtain the effective potential of the massless SM for one-loop eq.(2.26), two-loop order eq.(2.27) and for three-loop order eq.(2.28), these RGFs are given in the Appendix A for one, two and three level [11] [12] [13] [14] [15] [16] [17] .
III Vacuum Stability and the Higgs Boson Mass from the Effective Potential of Massless Standard Model
In the massless case the scalar-field self-interacting coupling constant λ, is determined from the minimum of the potential by using the tadpole condition:
By applying eq.(3.1) to one-loop eq.(2.26), two-loop eq.(2.27) and three-loop eq.(2.28) order effective potential we get: 
In perturbative theory the order n-contribution should be less than n − 1-order to make the perturbative series convergent. So, v (2) and v (3) contributions are too small compared to the one-loop contribution value, so we consider the approximation v 1 , v 2 , v 3 ≈ experiment value (246.2 GeV).
Now the Higgs boson mass is calculated from [8] : 5) and satisfies the condition of eq.(3.1).
At one-loop order, using eq.(2.26), eq.(3.2) and eq.(3.5):
For two-loop order, using eq.(2.27), eq.(3.3) and eq.(3.5):
and finally at three-loop order, using eq.(2.28), eq.(3.4) and eq.(3.5):
Equations (3.6), (3.7) and (3.8) give the Higgs boson mass in one-loop, two-loop and three-loop approximations, which are not the physical masses but the running masses.
In the massless case, we can simplify the condition in eq.(3.1) if we recall that µ is an arbitrary parameter, we are allowed to choose µ to be location of the minimum of the effective potential as has been done in ref. [8] . Equation (3.2), eq.(3.3), and eq.(3.4) become:
10)
Note that, eq.(3.9) can be viewed as a generalization of the condition that relates the scalar coupling to the gauge coupling obtained in ref. [8] for the case of massless scalar quantum electrodynamics.
The Higgs boson mass for µ = v is described by:
In present work, our initially input parameters are taken from ref. [18] at the neutral weak scale M Z . These parameters can be computed at any scale for each loop by using the following perturbative expression:
For the strong coupling α S and the top quark mass m t we have taken the range as in [18] , [14] :
GeV ≤ m t ≤ 176 GeV.
Rusults and discussion
The computations for the one-loop, two-loop and three-loop order within the µ−range (M Z ≤ µ ≤ 600GeV) are presented in Table. (3.1) for m t = 170 GeV, α S (M Z ) = 0.1161. In this table and the other tables we have used the reduced scalar coupling α λ = λ 4π , which corresponds to gauge couplings α g = g 2 4π , g = g 1 , g 2 , g 3 for U(1), SU(2) and SU(3), and appears as perturbative expansion parameter in the loop expansion of the effective potential. For the case µ = 100 GeV, there is a minimum of the one-loop, two-loop and three-loop effective potential (see Fig.(3.1) ) with too large values for Higgs scalar coupling and mass, so this result may be ruled out since it lies outside the range of validity of the approximation. It turns out that, increasing the value of µ improves the results. By considering the neutral weak mass M Z as a mass scale, the Higgs boson mass value is m H1−loop ≈ 753 GeV at one-loop order. This result is consistent with the recent LHC discovery [19] .
However for the value, µ ≈ 5.68 × 10 2 GeV, we get m H1−loop ≈ 239.2 GeV, m H2−loop ≈ 125.4 GeV and m H3−loop ≈ 181.8 GeV. At µ ≥ 28 × 10 2 ≈ 11.4 ν GeV, the scalar coupling λ at two-loop becomes negative and leads to metastable vacuum while the three-loop order is stable even at high scale energy ≈ 10 19 GeV. For the larger µ-range (3 × 10 3 GeV ≤ µ ≤ 20 × 10 3 GeV) at m t = 170
GeV, α S (M Z ) = 0.1161 spontaneous symmetry breaking for one-loop and three-loop occurs (see Fig.(3.2) at approximately the same scalar coupling values as shown in Table.(3.2 ). In addition, we get m H1−loop ≈ 126.14 GeV at µ ≈ 6.5 × 10 3 GeV while for three-loop m H3−loop ≈ 126 GeV at µ ≈ 20 × 10 3 GeV.
We present our results in Table.( It is interesting to note that in massless theory the absence of tree level mass term leads to large value for the scalar coupling to the limit, where the perturbation method becomes invalid, since as known the perturbation parameters should be small in order to become successively smaller at higher-order terms. In order to overcome this problem one can choose a suitable mass scale with the inclusion of higher-order contributions.
The recent discovery of Higgs-like particle does not confirm or exclude the possibility of many [20] , [21] .
Recently, late last year (2015), a heavy Higgs-like particle is not exclude from the Large Hadron Collider LHC where ATLAS and CMS at LHC have reported that proton-to-proton collisions had led to create more photon pairs with energies around 750 GeV than was expected. This excess in the diphoton mass distribution (m γγ ≈ 750 GeV), if confirmed, would indicate the presence of unexpected new elementary particles [19] . A large number of theoretical interpretations have appeared following LHC discovery [19, 22, 23] . Most of these papers explain the excess through some new boson with mass-750 GeV. For example in ref. [23] , a heavy Higgs-like boson which is six times heavier than the standard model-Higgs particle is expected to couple with new types of fermions.
In addition, there is an agreement between our result eq.(3.16) and some pervious theoretical results of other authors employing different methods [24] [25] [26] [27] [28] [29] .
A comparison between the one, two and three-loop effective potential at lowest values m t = 170 one-loop two-loop three-loop 
IV Conclusion
In this paper, we have used the renormalization group method to calculate the effective potential for massless standard model up to three-loop order. We have also investigated the stability of the effective potential. It is shown that while the vacuum structure for two-loop order is metastable, it is stable for three-loop order even at high energy scale. The Higgs boson mass is calculated at each loop order for a range of energy scale and a range of the top quark mass and the strong coupling.
The obtained values of the Higgs boson mass are in the experimental range for the scale energy of order 20 × 10 3 GeV. 
